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INTRODUCTION
Reliable estimation of gestational age (GA) is essential in the management of perinatal complications. Information on GA is also important for the definition and management of post-and prematurity 1 as well as for the estimation of GA-related deviation (SD score) in fetal and birth weights 2 . The practice of basing the calculation of estimated date of delivery (EDD) and GA on the date of the last menstrual period (LMP) 3 is considered to be less reliable than is using ultrasound measurements performed in the first half of pregnancy•, if these are available 4, 5 . One of AQ12 the objectives of the routine obstetric scan in the early second trimester of pregnancy is to determine the GA and thereby the EDD• 6, 7 .
AQ13
Dating of pregnancy by ultrasound performed in the early mid-trimester is based on mathematical formulae using biparietal diameter (BPD) and in some cases femur length (FL) also 8 -10 . Some authors suggest the use of head circumference and/or abdominal circumference, but there is •controversy about the best method and the AQ14 optimal postmenstrual age for GA assessment 11 -14 . In Sweden in 1997, most obstetric departments performed ultrasound dating using a formula based on BPD and FL measured at 16-20 postmenstrual weeks 7 . This practice still prevails as ultrasound examination in the first trimester has not been implemented generally. In attempts to improve the accuracy of GA estimation, various dating formulae have been published. However, while gestational dating methods have been researched, there are only limited data comparing •different ultrasound AQ15 formulae 8 -10,12,15 . Intrauterine growth restriction (IUGR) is an important clinical problem associated with increased perinatal mortality and morbidity 16 . Most IUGR fetuses are born as small-for-gestational age (SGA) infants, with a birth weight less than expected for GA. Both expected fetal weight and birth weight are based on growth curves of the normal intrauterine population 2 . Thus, reliable information on GA is essential for clinical decisionmaking and management when IUGR is suspected. The strong impact of GA at birth on neonatal mortality and morbidity in extremely preterm infants makes the determination of GA even more important for their perinatal management. This has been shown in the national collaborative project, Extremely Preterm Infants in Sweden Study (EXPRESS), which evaluated the shortand long-term outcomes of infants born before 27 gestational weeks 17 . The aim of the present study was to investigate the possible impact of various dating formulae on GA determination in a cohort of extremely preterm infants.
SUBJECTS AND METHODS
This study was approved by the Regional Research Ethics Board, Lund University, Sweden. The study population was derived from the national EXPRESS database 16 • which •comprised all infants live born before All pregnant women in Sweden are offered free antenatal care. During the first visit, at 10-12 postmenstrual weeks, information including date of LMP, smoking and alcohol habits, maternal height and weight and medical history is collected. At 16-20 weeks after the LMP, a routine ultrasound examination is offered in order to identify multiple pregnancies, calculate the GA and EDD, and detect severe fetal malformations 7 . The ultrasoundestimated GA is then used in all medical files and birth records. In the EXPRESS study, the routine ultrasound examination was performed in 95% of pregnancies 17 . During the EXPRESS study, data regarding maternal medical and obstetric history, pregnancy, labor, delivery and neonatal outcome was• collected and transmitted
AQ18
to the database 17 . Data from ultrasound examinations, including BPD and FL measurements, was also collected and fed into the study database. The GA (completed weeks + days) recorded at birth (considered the 'reported GA') was transferred to the database from the delivery charts, but •no information was •recorded regarding the dating AQ19 AQ20 formula used for the determination of GA in individual cases. A Swedish standard for birth weight according to GA was used to define normal birth weight 2 and infants with birth weight more than 2 SD below the expected birth weight were considered SGA while those with birth weight > 2 SD above the expected weight were considered large-for-gestational age (LGA).
During the EXPRESS study period, 1011 infants were born (904 deliveries). For the purposes of the current study, we identified all pregnancies with records available of LMP, BPD •and FL. For each fetus, we considered only AQ21 the first ultrasound estimation of GA and excluded all subsequent measurements. We included all pregnancies in which the postmenstrual age (i.e. the GA according to LMP) at first ultrasound examination was between 12 + 0 and 19 + 6 weeks. For multiple pregnancies, most Swedish ultrasound units routinely use the measurements of the largest twin to estimate GA. To avoid the systematic error that can appear when GA is based on measurements of the larger twin 18 8 -10 .
Statistical analyses
The distributions of GA• at delivery according •to the AQ26 AQ27 different dating methods were described by mean, range and 25 th , 50 th and 75 th percentiles, and illustrated by box plot. We tested for normal distribution of GA using the Wilk-Shapiro test. The overall significance of differences between the dating methods was estimated using the Friedman test. For pair-wise comparisons of GA estimates, the Wilcoxon signed rank test was used. The MacNemar test was used for pair-wise comparisons of the SGA rates obtained with different dating methods. Odds ratios (OR) with 95% exact, Fisher-type confidence intervals (CIs) were obtained using SABER (Statistical Package for Epidemiologic •Research).
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Other statistical analyses were performed using Gauss software (Gauss TM , Aptech Systems Inc., Maple Valley, WA, USA, http://www.aptech.com).
RESULTS
The basic maternal characteristics of the EXPRESS study population are described elsewhere 17 . Among the 904 pregnancies (1011 infants) recorded in the EXPRESS study, 513 pregnancies with valid information on BPD and FL obtained before 20 gestational weeks as well as EDD Figure 1 . The GA distribution differed significantly between the three ultrasound-based •methods (P < 10 −6 , Friedman's test). The GA based on
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LMP had the largest range and the highest median value, and differed significantly from the ultrasound-based GA estimates, irrespective of which of the three evaluated formulae was used (all three P-values < 10 −6 , Wilcoxon's signed rank test). The GA estimates based on the Hadlock formula and the Mul formula differed significantly (P-value < 10 −6 ), and they both differed significantly from that based on the Persson and Weldner formula (both P-values < 10 −6 , Wilcoxon's signed rank test). In agreement with the inclusion criteria, all pregnancies had a •reported GA < 27 weeks at delivery. Yet, based on AQ32 the LMP, 16% of the included pregnancies had a length of 27 weeks or more. The corresponding percentages based on the Hadlock, Mul and Persson & Weldner dating formulae were 10%, 6% and 2%, respectively (Table 3, Figure 2 ). Sixty-eight of the pregnancies had a reported duration of 22 weeks, of which 33 (49%) had a duration of 23 weeks or more according to LMP and 22 (32%) had according to the Hadlock formula.
When the GA was estimated using the Persson & Weldner formula, 19% of the live-born infants were classified as SGA, which corresponded well to the rate reported from the obstetric units ( 43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 estimated using the LMP, the Hadlock formula and the Mul formula, the rates of SGA were 31%, 23%, and 22%, respectively (Table 4) . Pair-wise (McNemar) tests revealed that the SGA rate obtained using LMP-based GA differed significantly from that obtained with an ultrasound-based GA, irrespective of which formula was used (all P-values < 10 −6 ). Furthermore, the SGA rate obtained using the Person & Weldner formula differed significantly from those based on the Mul (P = 0.00018) or the Hadlock (P = 1.3 × 10 −5 ) formula. No significant difference was detected between the SGA rates using the Mul and the Hadlock formulae (P = 0.13).
In 73 of 353 (21.0%) live-born infants, the GA obtained by using the Persson & Weldner formula was at least 7 days shorter than the LMP-based GA. These infants had a two-fold higher risk of being classified as SGA compared with those in which GA differed by fewer Ultrasound Obstet Gynecol 2012; 39: 000-000. 8 Mul et al. 10 Persson (Table 5 ).
DISCUSSION
We found that estimated GA varied significantly depending on the dating formula used for calculation of EDD. The GA calculated with the Persson & Weldner formula was closest to the GA• reported in the EXPRESS study AQ34 database. When using the Hadlock formula, on average the pregnancies had longer duration than the reported GA. The GA estimations based on the Mul formula were more in agreement with the estimations of the Hadlock formula than with the estimations of the Persson & Weldner formula. The accuracy of second-trimester ultrasound assessment in comparison with LMP-based GA estimation has been described previously 4, 19 . The fact that GA calculated by the Persson & Weldner formula was most similar to the GA recorded in the study database •might be explained by the fact that this Ultrasound Obstet Gynecol 2012; 39: 000-000. GA according to LMP remains the method of choice for pregnancy dating 22 . Even in large international studies on extreme prematurity, GA is primarily defined as the number of weeks of amenorrhoea and it is only if this information is not available that the calculation is based on the results of ultrasound measurements 23 -25 . This makes comparisons of preterm birth data between countries less reliable.
Critical decisions in clinical obstetric practice, such as in the management of preterm labor, are often based on the presumed GA. The perinatal mortality decreases significantly with increasing •GA: in EXPRESS, the AQ37 Swedish national study, it was 93% at 22 gestational weeks while at 26 gestational weeks it was 24% 17 . Similarly, the morbidity of extremely preterm infants is related to GA at birth 26 ; fewer than 1% of obstetricians and neonatologists would advocate resuscitation at 22 weeks while 10% would initiate resuscitation at 23 weeks and 80% would do so at 24 weeks 27 . Thus, the period between 22 and 26 weeks of gestation is critical and a difference in •GA of 1 or 2 days can alter prognosis AQ38 and influence clinical management, especially at ages close to the limits of viability.
In our study, 49% and 32% of pregnancies with a recorded GA of 22 weeks were considered to be 23 weeks or older when GA was calculated according to LMP or the Hadlock formula, respectively. In many perinatology centers, •strict GA limits are defined for activity levels AQ39 in treatment of extremely preterm infants both before and after birth. Theoretically, if the Hadlock formula had been used, one third of 22-week infants in the EXPRESS study might have been treated differently, which could have had consequences for their prognosis 60  61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99  100  101  102  103  104  105  106  107  108  109  110  111  112  113  114  115  116  117  118 and outcome. Parental counseling, clinical guidelines and perinatal and neonatal management and decisions are influenced by the estimated GA. Consequently, on an individual level, the mother and the newborn might be treated differently depending on the dating formula used. It is impossible to evaluate the real impact on outcome as there is no 'gold standard' for estimation of GA, as pediatric evaluation of the preterm newborn is considered less reliable than is ultrasound dating 28 . Early diagnosis and reliable prediction of IUGR is crucial for optimal management of preterm pregnancies. The short-term and long-term mortality in preterm growthrestricted infants is significantly increased compared with that of appropriately grown preterm infants 17, 29 . Suspicion of IUGR is most often based on identifying an SGA fetus, a finding that is GA-dependent and influenced by the dating method (Table 4) .
In our study, when the GA was estimated according to the Hadlock formula and the Persson & Weldner formula, the fetus was smaller than expected and the EDD was postponed in 31% and 22% of pregnancies, respectively (Table 5 ). In general pregnant populations, within the cohorts of pregnancies with EDD postponed by ultrasound dating by 7 days or more, there were more SGA newborns 18 and complications of pregnancy were more common 30 . In the current study, it is possible that a substantial number of the ultrasound-based GA estimates were confounded by early-onset IUGR. Thus, diagnosing an SGA fetus at the time of the ultrasound dating examination seems a better• approach than does AQ40 adjusting the EDD. As Pedersen et al. 31 suggested, a possible way to improve the detection of cases with very early IUGR would be to date the pregnancy by routine fetometry performed at the end of the first trimester and to evaluate fetal growth at the mid-trimester •ultrasound AQ41 examination done for studies of fetal morphology.
The strength of our study is that it was based on a large national background study conducted in a multiethnic population in Sweden during a 3-year period. Despite the effort that went into collecting the ultrasound data, only 57% of pregnancies had valid information and were included in the study•. There was no selection AQ42 with regard to socioeconomic status or geographical characteristics. This makes the results generalizable to populations in industrialized countries. We included all pregnancies, including those conceived with the help of assisted reproduction techniques as well as multiple pregnancies.
It should be kept in mind that our study was based on a high-risk population, i.e. patients who delivered extremely preterm. However, this allowed us to evaluate various ultrasound dating formulae in a population in which even small differences in GA might have important consequences for the management and outcome of pregnancies.
Dating formulae are basically mathematical equations transforming fetal measurements expressed in millimeters into gestational duration expressed in days. Mongelli 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 et al. 32 previously showed that formulae combining two variables had no advantage over single-parameter formulae. Nevertheless, Persson and Weldner 9 concluded in their study that estimation of GA based on the combination of BPD and FL best reflected the actual GA. The mathematical equation was established on 14 pregnancies with known date of ovulation. Their study was published in 1986, 2 years after Hadlock et al. 8 published their formula based on 361 pregnancies and also encouraged the use of two parameters for the estimation of GA. Finally, in 1996, Mul et al. 10 published new formulae• based on measurements of BPD and FL
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from 64 pregnancies conceived with the help of assisted reproduction techniques. Thus, all available formulae that include• fetal BPD and FL are at least 15 years old and
AQ44
were based on studies of relatively few pregnancies.
In summary, we investigated the impact of different dating methods on estimation of GA. We found that the difference between LMP-based GA estimation and ultrasound-based GA estimation was more pronounced than was the difference between the three ultrasonographic formulae. Our results stress the importance of considering the uncertainty of GA estimation, not only when comparing results between studies, but also in everyday clinical practice when managing extremely preterm deliveries. For infants born extremely preterm, even small adjustments of GA estimates might have substantial impact on management, survival and morbidity . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Queries to Author: AQ22 Note ref 29 was cited out of order -refs 18-29 have been renumbered -you may wish to check this. AQ23 The sentence here is very similar to one in the Intro (In Sweden in 1997, most obstetric departments performed ultrasound dating using a formula based on BPD and FL measured at 16-20 postmenstrual weeks 7 .) Is it necessary to repeat this or can we remove the sentence here? AQ24 'the three formulae that include fetal BPD and FL' -this implies no other formulae include BPD and FL -is that right? AQ25 Note editing to most table legends and footnotes -please check very carefully AQ26 'at delivery' added -OK? AQ27 Sorry if this is a really silly comment -but you don't seem to state outright that you applied the three formulae, though you mention it in the Abstract. AQ28 Please could you provide the supplier details for SABER? AQ29 Note in the methods where you say which fetuses you selected you don't mention EDD by US (is this implicit by mentioning BPD and FL?) AQ30 I've added 'ultrasound-based' -OK? AQ31 Is rewording to figure legends ok? AQ32 'were reported to have had a GA shorter than 27 weeks' changed to 'had a reported GA < 27 weeks' -OK? AQ33 'In multiple pregnancies, only first-born infant included.'added to Table 5 footnote. AQ34 Should one or both of these say 'at delivery'? AQ35 I'm not sure this sentence reads logically. Rather than 'might be explained by the fact' should it perhaps be 'might explain the fact that'? AQ36 US changed to United States OK? AQ37 'increasing' added -OK? (And I added 'EXPRESS' also -OK?) AQ38 Would 'GA' here be better as 'estimated GA'? AQ39 I'm not sure this sentence is clear, particularly 'trict GA limits are defined for activity levels' AQ40 'more adequate' changed to 'better' -ok? AQ41 Would it be ok to change 'ultrasound examination done for studies of fetal morphology' to 'anomaly scan'? AQ42 By 'the study' here you mean EXPRESS (rather than your current study)? AQ43 Is the plural correct here for Mul or should it be 'formula'? AQ44 Should 'only' be added here before BPD and FL? Would it also clarify your point to say 'Thus it should be borne in mind that all available formulae. . ..' (am I right in thinking you mean this as a possible disadvantage?) AQ45 Should 'foundation' have a cap 'F' twice here? Also, you don't want to say for what you're acknowledging the EXPRESS study group members?
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